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Description 
BRUSH TYPE DC ELECTRIC MACHINE 

Background of Invention 

[0001] This invention relates to a brush type rotating DC electri- 
cal machine and more particularly to a coil winding and 
commutator and brush construction for such a machine. 

[0002] Typically this type of DC electric machine with brushes 
comprises a rotational shaft of a rotor and a stator. The 
stator generally is comprised of a plurality of circumferen- 
tially spaced permanent magnets that cooperate with a 
plurality of circumferentially spaced radially extending 
magnetic pole teeth formed on the rotor or armature and 
around which coils are wound. To transfer electrical power 
between the coil windings and external terminals of the 
machine a commutator is provided on the rotor, generally 
adjacent to an axial end of the magnetic pole teeth. The 
commutator has a plurality of conductive segments dis- 
posed in an annular shape with certain clearances there- 
between to which ends of windings of the coils are con- 
nected. Brushes in sliding contact with the commutator 



segments transmit the electrical energy to or from the ex- 
ternal terminals. 

[0003] In such a DC electric machines, it is necessary that the 
leakage of voltage between the brushes is reduced and 
energy loss due to phase shift in the coils is suppressed. 
Phase shift appears in the form of electromagnetic energy 
loss when windings of adjacent coils are energized in op- 
posite directions to each other. Therefore, to prevent 
phase shift, it is desirable that adjacent coils are ener- 
gized in opposite winding directions as the flow directions 
reverse upon rotation adjacent windings are energized in 
the same direction. Also to prolong the life of brushes, it 
is desirable that the sliding contact friction between 
brushes and commutator segments associated during ro- 
tation is kept stable and constant without variation. 

[0004] A DC electric motor with brushes of this type is disclosed 
in published Japanese Patent Document JP- 
A-2001-275327. In this DC electric motor ends of wind- 
ings of coils and commutator segments are connected 
such that a series of the coils wound on magnetic pole 
teeth continue like a line drawn by a pen in one stroke 
and the coils are energized by two brushes through the 
segments. The width of the two brushes is as large as that 



of two segments, the interval between the brushes is as 
large as that of one segment, and the coils are disposed 
parallel to each other between the brushes to reduce mo- 
tor inductance so that the life of the brushes is prolonged 
and smoother rotation is effected. 

[0005] However in a coil connection structure described in this 
document, no reference is made to the direction of elec- 
tric currents in the coils when an electric current flows 
from positive (+) side to negative (-) side of the two 
brushes, it is difficult to say that this coil connection 
structure will prevent phase shift as a result of energiza- 
tion of rotating coils in opposite directions, normal and 
reverse. Also, besides the connection of the ends of coil 
windings to the segments, wire connection between the 
segments and cutting work after winding are required, 
which complicates connection work around the segments, 
as well as wiring structure. 

[0006] In addition, since only one of the clearances (insulating 
areas) between the commutator segments is contained in 
an interval between the brushes, the ability to withstand 
voltage without leakage is reduced. Also, since unused 
segments still remain after coils are wound on all the 
magnetic pole teeth, efficiency of use is poor and the slid- 



ing contact friction resistance to the bruslies varies during 
rotation, which accelerates deterioration of the brushes. 
[0007] Thus it is a principal object of the invention to provide a 
DC electric machine capable of preventing phase shift 
with a simple connection structure, increasing the ability 
of brushes to accept high voltages without leakage and 
suppressing their deterioration so that their life can be 
prolonged. 

[0008] It also is a further object of the invention to improve com- 
mutator segment utilization and simplify its wiring. 
Summary of Invention 

[0009] This Invention is adapted to be embodied in a DC electric 
machine comprising a shaft rotatable about an axis. A 
plurality of circumferentially spaced permanent magnets 
are disposed around the axis. A plurality of circumferen- 
tially spaced magnetic pole teeth facing the permanent 
magnets. Electrical coils are wound on the magnetic pole 
teeth. A plurality of circumferentially spaced commutator 
segments having clearances between adjacent edges to 
which ends of the coil windings are connected. A plurality 
of brushes are in sliding contact with the commutator 
segments for the transfer of electrical energy between the 
coils and the brushes. The coil ends are connected to se- 



lected of the commutator segments so that electrical en- 
ergy flows through adjacent coil pairs in the same circuit 
in opposite directions upon rotation of said machine to 
reduce or eliminate phase shift. 

[0010] In accordance with another feature of the invention, the 
coil ends of adjacent pairs are connected to commutator 
segments that are spaced from each other by at least two 
commutator segments to increase the voltage capacity 
without leakage. 

[0011] In accordance with still another feature a second series of 

coil windings are formed around each of the pole teeth 

and connected to the commutator segments that are not 

connected to the first mentioned series of coil windings to 

increase capacity and improve brush loading and wear. 
Brief Description of Drawings 

[0012] FIG. 1 is a cross sectional view of a rotating electrical ma- 
chine in the particular form of an electrical starting motor 
for an internal combustion engine. 

[0013] FIGS. 2A-2C are developed views of the main electrical 

machine components of a first embodiment comprised of 
the pole teeth, the surrounding coil windings, the perma- 
nent magnets, and the commutator segments showing the 
current flow during successive equal partial rotations. 



[0014] PICS 3A-3C are developed views, in part similar to FIGS. 
2A-2C, of the like components of a second embodiment 
showing respectively the first and second groups of coil 
windings and the combined coil windings. 

[0015] FIGS. 4A-4C are developed views, in part similar to FIGS. 
2A-2C and 3A-3C, of the like components of a third em- 
bodiment showing the current flow during successive 
equal partial rotations. 

[0016] FIG. 5. is a developed view, in part similar to FIGS. 2A, 3C 
and 4A, showing the construction of a fourth embodi- 
ment. 

[0017] FIG. 6 is a developed view, in part similar to FIGS. 2A, 3C, 
4A and 5 showing the construction of a fifth embodiment. 

[0018] FIG. 7 is a developed view, in part similar to FIGS. 2A, 3C, 
4A, 5 and 6 showing the construction of a sixth embodi- 
ment without the permanent magnets. 

[0019] FIGS. 8A- 8C are developed views, in part similar to FIGS. 
2A-2C and 3A-3C, of the like components of the sixth 
embodiment showing the permanent magnets and the 
current flow during successive equal partial rotations. 

[0020] FIGS. 9A-9C in part similar to FIGS. 3A-3C of the like 

components of a seventh embodiment showing respec- 
tively the first and second groups of coil windings and the 



combined coil windings. 

[0021] FIG. 10 is a developed view, in part similar to FIGS. 2A, 3C, 
4A, 5, 6 and 7 showing the construction of a eighth em- 
bodiment without the permanent magnets. 

[0022] FIGS. IIA- lie are developed views, in part similar to 

FIGS. 2A-2C, 3A-3C, and 10 of the like components of the 
eighth embodiment showing the permanent magnets and 
the current flow during successive equal partial rotations. 

[0023] FIGS. 12A-12C are views in part similar to FIG. 10, but 
show how two different series of coils may be formed on 
each pole tooth like the embodiment of FIGS. 9A-9C. 

[0024] FGS. 13A is a view in part similar to FIG. 2A, but shows an 
embodiment where the commutator segments are con- 
nected to each other in a way to decrease the required 
number of brushes. 

[0025] FIG. 13B is a view in part similar to FIG. 7, but shows an- 
other embodiment where the commutator segments are 
connected to each other in a way to decrease the required 
number of brushes. 

[0026] FIGS. 14A-14C are developed views illustrating successive 
conditions of the coil connection utilized in the embodi- 
ment of FIG. 13Aand having only two brushes. 

[0027] FIGS. 15A-15C are developed views illustrating successive 



conditions of tlie coil connection utilized in the embodi- 
ment of FIG. ISAand having four brushes. 
Detailed Description 

[0028] Referring now in detail to the drawings and initially to FIG. 
2, a rotating electrical machine in the form of a DC electric 
starter motor to which this invention is applied, is indi- 
cated generally by the reference numeral 21. This electric 
motor 21 is used, for example, as a starter of a motorcy- 
cle. The starter motor 21 includes an outer housing com- 
prised of a cylindrical yoke portion 22 closed at opposite 
ends by end closures 23 and 24. 

[0029] The outer housing and particularly the central yoke por- 
tion 22 comprises a stator, that includes permanent mag- 
nets 25 that suitably for example by bonding on the in- 
side surface of the yoke 22. The magnets25comprise a 
plurality of split arc-shaped bodies disposed along the in- 
side circumferential surface of the yoke 22 at regular cir- 
cumferential intervals. 

[0030] A rotor, indicated generally by the reference numeral 26 is 
Journalled, in a manner to be described, inside the stator. 
The rotor 26 has central portion from which a plurality of 
circumferentially spaced magnetic pole teeth 2 /extend 
radially to face the magnets25. Each of the magnetic pole 



teeth 27 is generally T-shaped with its head in proximity 
to the magnets25. Slots28are formed between adjacent 
magnetic pole teeth 27. Coils (shown by a dotted line and 
indicated by the reference numerals 29) are wound on 
each magnetic pole tooth 27and through the slots28. 

[0031] The rotor 26is suitably mounted on a rotor shaft 31 which 
is journalled at its opposite ends by bearings 32 carried 
by the end closures 23 and 24. One end of the rotor shaft 
31 extends beyond the end closure 23 and carries a 
starter gear 33 for engagement with an engine shaft (not 
shown) in any suitable manner. 

[0032] A commutator, indicated generally at34, is mounted on 
the rotor shaft 31 at one end in the axial direction of the 
coils 29, adjacent the end closure 24 in the illustrated 
embodiment. The commutator 34 is made up of a plural- 
ity of segments 35 disposed in an annular shape with cer- 
tain clearances therebetween. Both ends of the respective 
coil winding 29 are connected to given segments 35 in 
manners to be described later by reference to the remain- 
ing figures. 

[0033] Spring biased brushes 36, in a number and spacing to be 
described later by reference to the remaining figures and 
only one of which appears in FIG. 1, provide the electrical 



connection with tlie segments 35. Certain of the brushes 
36 are connected to a positive (+) battery terminal by a 
positive pole terminal connectors 37. Other of the brushes 
are connected to the negative (-) battery terminal through 
a ground connection provided by a mounting bracket 38 
of the motor housing formed integrally with the end clo- 
sure 24. 

[0034] Finally an oil seal 39 carried by the end closure 23 seal- 
ingly engages the rotor shaft 31 to complete the general 
description of a type of rotating electrical machine that 
can embody the invention. 

[0035] Some specific wiring patterns and component layouts and 
coil spacing embodying the invention will be described by 
reference to the remaining figures. Before referring 
specifically to them, however, some general comments 
will be made about the common features. The number m 
of permanent split arc-shaped magnet segments25 is an 
even number of four or more. That is, m=4, 6, 8,.... If 
m=4, the magnet has the shape of an arc of approxi- 
mately 90°, if m=6, of approximately 60°, and if m=8, of 
approximately 45°. The number t of magnetic pole teeth 
27 is represented as t=m+2, and the number s of com- 
mutator segments 35, as s=2t. The number b of brushes 



36 is represented as b=m. 

[0036] Referring first to tlie embodiment of FIGS. 2A-2C, this 
shows development view of a coil connection structure 
according to a first embodiment of this invention. This 
embodiment is an example in which the number m of per- 
manent magnets 25 is four, the number t of magnetic 
pole teeth 27 is six, the number s of commutator seg- 
ments 35 is twelve, and the number b of brushes 36 is 
four. In all figures the commutator segments 35 are num- 
bered in order according to their circumferential positions 
for ease of understanding and the brushes 36 are lettered 
alphabetically in the same order (A, B, C and D or the like 
depending on their number). 

[0037] FIGS. 2A-C illustrate successive conditions of the coil con- 
nection when brushes 36 move rightward in the figure by 
a distance equal to half commutator segment relative to 
the segments as a result of rotation of the rotor 26. In all 
of the views the coils are depicted as only a single winding 
for simplification and to facilitate showing the direction of 
the coil winding. 

[0038] A coil 29 is wound on each of the six magnetic pole teeth 
27 facing the four permanent magnets 25. Both ends of 
the winding of each coil 29 are connected to segments 



having a given positional relation among twelve segments 
(1-12). As shown in the figures, both ends of the winding 
of each coil 29 are connected to the segments 35, across 
each other and across one end of the winding of an adja- 
cent coil 29. The number s of segments is twice the num- 
ber t of magnetic pole teeth, and two segments 35 are 
provided, corresponding to each magnetic pole tooth 27, 
opposing the tooth 27. Ends of the winding of a coil 29 on 
each magnetic pole tooth 27 are each connected to the 
more distant one of the two segments right under the 
magnetic pole tooth, or to the more distant one of the two 
segments right under the adjacent magnetic pole tooth. 
[0039] The coils connected to the segments right under each 
magnetic pole tooth and the coil connected to the seg- 
ments right under the adjacent magnetic pole tooth are 
disposed alternately. Therefore, the segments are con- 
nected to the coils in twos, with two segments left uncon- 
nected therebetween, to form a series of six coils. Thus, 
as shown in the figure, six segments #1, 2, 5, 6, 9 and 10 
out of the twelve segments are used to connect six coils 
29. The series of six coils 29 are configured such that, 
when energized in the direction of arrows through the 
brushes 36, adjacent coils 29 have opposite energization 



directions, when energized either in normal or reverse, 
and parallel adjacent windings of the coils 29 have the 
same energization direction. This eliminates phase shift. 

[0040] Twelve segments 35 constituting the rotor commutator 34 
rotate with coils 29, and four brushes 36 (A-D) are in slid- 
ing contact with the segments 35. FIGS. 2A-C illustrate 
successive conditions of the coil connection when brushes 
36 move rightward in the figure by a half segment relative 
to the segments as a result of rotation of the rotor. As 
shown in the figures, an interval between adjacent 
brushes 36 is wide enough to contain two of the clear- 
ances between the segments 35. Such an interval allows 
the existence of two or more of the clearances between 
the segments 35 as an insulating area, so that the insulat- 
ing property is improved, as well as the capability to with- 
stand voltage without leakage. 

[0041] FIG. 3 shows a second embodiment of this invention that 
is in part similar to that of FIGS. 2A-2C. However inn this 
embodiment the unused six segments (#3, 4, 7, 8, 11, 12) 
in the example of FIGS. 2A-2C are used to form a second 
series of coils 29 on magnetic pole teeth 27 in overlap- 
ping relation. That is, as shown in FIG. 3A, six segments 
(#1, 2, 5, 6, 9, 10) are used to form a first series of six 



coils 29 as in FIGS. 2A-2C, and, in addition, as shown in 
FIG. 3B, the remaining six segments (#3, 4, 7, 8, 11, 12) 
are used to form a second series of six coils 29 on the 
magnetic pole teeth 27 in overlapping relation. The total 
coil connection structure of the rotor is formed by over- 
lapping FIG.3A and FIG.3B as shown in FIG. 3C. Thus all 
the segments 35 are utilized uniformly, so that efficiency 
of use of the segments is improved and stable high output 
can be effected. Also the sliding contact friction resistance 
to the brushes 36 during rotation becomes approximately 
constant, so that deterioration of the brushes 36 is sup- 
pressed and their life can be prolonged. In the figure FIG. 
3C, in which a series of coils of FIG. 3A and a series of 
coils of FIG. 3B are overlapped, the series of coils of FIG. 
3B are shown by dot and dash lines. 
[0042] f\QS. 4A-4C show a third embodiment of this invention 
which is generally similar to that of FIGS. 2A-2C. Like 
those figures, FIGS. 4A-C illustrate successive conditions 
of the coil connection when brushes move rightward in 
the figure by a half segment relative to the segments as a 
result of rotation of the rotor. In this embodiment the 
width of the brush 36 is increased and thus the interval 
between the brushes is decreased to a degree. In this ex- 



ample, only one of the clearances between the segments 
is contained in the interval between the brushes at the 
position of FIG. 4B, but, at the positions of FIGS. 4A and C, 
the interval between the brushes is wide enough to con- 
tain two of the clearances between the segments. Thus, 
the interval between the brushes 36 is set such that, at 
least at a position during rotation, it contains two or more 
of the clearances between the segments 35, so that the 
mean interval between the brushes is widened and a suffi- 
ciently large voltage without leakage can be permitted. 
This allows fewer restrictions to the brush width and a 
larger degree of freedom in designing. 

[0043] FIG. 5 is a development view of a fourth embodiment. This 
embodiment shows an example in which the number m of 
magnets 25 is six, the number t of magnetic pole teeth 27 
is eight, the number s of commutator segments 35 is six- 
teen, and the number b of brushes 36 is six. 

[0044] As in the embodiment of FIGS. 2A-2C, both ends of the 

winding of each coil 29 are connected to the segments 35, 
across each other and across one end of the winding of an 
adjacent coil. The number s of segments is twice the 
number t of magnetic pole teeth, and two segments 35 
are provided, corresponding to each magnetic pole tooth 



27, right under the tooth. Ends of the winding of a coil 29 
on each magnetic pole tooth 27 are each connected to the 
more distant one of the two segments right under the 
magnetic pole tooth, or to the more distant one of the two 
segments right under the adjacent magnetic pole tooth. 
The coils connected to the segments right under each 
magnetic pole tooth and the coils connected to the seg- 
ments right under the adjacent magnetic pole tooth are 
disposed alternately. 

[0045] Thus, as shown in this figure, eight segments #1, 2, 5, 6, 
9, 10, 13 and 14 out of the sixteen segments are used to 
connect eight coils 29. The series of eight coils 29 are 
configured such that, when energized in the direction of 
arrows through the brushes 36, adjacent coils have oppo- 
site energization directions, normal and reverse, and par- 
allel adjacent windings of the coils 29 have the same en- 
ergization direction. This eliminates phase shift. 

[0046] Also in this embodiment, as in this case where m=6, as in 
the embodiment of FIGS. 3A-3C, the unused segments 
(#3, 4, 7, 8, 11, 12, 15, 16) may be used to form a second 
series of coils in overlapping relation. 

[0047] FIG. 6 shows still another embodiment of this invention. 
This embodiment shows an example in which the number 



m of permanent magnets 25 is eight, the number t of 
magnetic pole teeth 27 is ten, the number s of commuta- 
tor segments 35 is twenty, and the number b of brushes 
36 is eight. As in the embodiment of FIGS. 2A-2C, both 
ends of the winding of each coil 29 are connected to the 
segments 35, across each other and across one end of the 
winding of an adjacent coil. The number s of segments is 
twice the number t of magnetic pole teeth, and two seg- 
ments 35 are provided, corresponding to each magnetic 
pole tooth 27, right under the tooth. Ends of the winding 
of a coil 29 on each magnetic pole tooth 27 are each con- 
nected to the more distant one of the two segments right 
under the magnetic pole tooth, or to the more distant one 
of the two segments right under the adjacent magnetic 
pole tooth. The coils connected to the segments right un- 
der each magnetic pole tooth and the coils connected to 
the segments right under the adjacent magnetic pole 
tooth are disposed alternately. 
[0048] Thus, as shown in the figure, ten segments #1, 2, 5, 6, 9, 
10, 13, 14, 17 and 18 are used to connect ten coils 29. 
The series of ten coils 29 are configured such that, when 
energized in the direction of arrows through brushes 36, 
adjacent coils have opposite energization directions, when 



energized in both normal and reverse, and parallel adja- 
cent windings of the coils 29 have the same energization 
direction. This eliminates phase shift. 

[0049] Also in this case where m=8, as in the embodiment of 
FIGS. 3A-3C, the unused ten segments (#3, 4, 7, 8, 11, 
12, 15, 16, 19, 20) may be wound to form a second series 
of coils in overlapping relation. 

[0050] FIG. 7 is a circumferential developed view of still another 
embodiment of this invention. This embodiment shows an 
example in which six magnetic pole teeth 27 and twelve 
segments 35 are provided, three magnetic pole teeth 27 
out of the six magnetic pole teeth 27 are used to form 
two oppositely wound coils 29a, 29b, one each for each 
magnetic pole tooth 27, in overlapping relation. These 
coils are connected to six segments 35 out of the twelve 
segments to form a series of coils. 

[0051] As shown in this figure, of the two coils 29a, 29b formed 
in overlapping relation, both ends of the winding of one 
coil 29a are connected to two adjacent segments 35, 
across each other. Both ends of the winding of the other 
coil 29b are connected to segments 35 at distant posi- 
tions, in separated relation from each other. The seg- 
ments 35, as in the foregoing embodiments, are con- 



nected to the coils in twos, with two segments left uncon- 
nected therebetween. 

[0052] FIGS. 8A-8C illustrate the brushes 36 in successive condi- 
tions of the coil connection, in the embodiment of FIG. 7, 
when brushes 36 move rightward in the figure by a half 
segment relative to the segments as a result of rotation of 
the rotor. Arrows show the energization directions from 
the brushes 36. 

[0053] FIGS. 9A-9C shows an example in which unused three 

magnetic pole teeth and six segments in the embodiment 
of FIG. 7 are used to form a different series of coils in the 
same shape as that of FIG. 7, in overlapping relation. FIG. 
9A is the same as FIG. 7, in which two coils 29a, 29b are 
formed on each magnetic pole tooth 27. FIG. 9B shows a 
different series of coils in the same shape as that of FIG. 
9A, formed with different magnetic pole teeth and differ- 
ent segments. Two coils 29c, 29d are formed on each 
magnetic pole tooth, and these coils are connected to 
form a second series of coils. FIGS.9A and 9B are super- 
imposed to constitute FIG. 9C. 

[0054] FIG. 10 illustrates still another embodiment of this inven- 
tion that is like that of FIG. 7 except that the unused three 
magnetic pole teeth of the total six magnetic pole teeth in 



the foregoing embodiment are omitted. Tliat is, tliere are 
tliree magnetic pole teetli 27 and twelve commutator seg- 
ments 35. Two coils 29a and29b are formed on each of 
the three magnetic pole teeth 27 in overlapping relation. 
These coils are connected to six segments 35 out of the 
twelve segments to form two series of coils. 

[0055] As in the embodiment of FIG. 7, the two coils 29a are 29b 
formed in overlapping relation, both ends of the winding 
of one coil 29a are connected to two adjacent segments 
35, across each other. Both ends of the winding of the 
other coil 29b are connected to segments 35 at distant 
positions, in separated relation from each other. The seg- 
ments 35 are connected to the coils in twos, with two 
segments left unconnected therebetween. 

[0056] FIGS. IIA-C illustrate successive conditions of the coil 
connection, in the embodiment of FIG. 10, when brushes 
move rightward in the figure in half segment intervals rel- 
ative to the segments 35 as a result of rotation of the ro- 
tor. 

[0057] FIGS. 12A-12C shows an example in which unused six 
commutator segments in the embodiment of FIG. 10 are 
used to form two different series of coils in the same 
shape as that of FIG. 10, in overlapping relation. FIG. 12A 



is the same as FIG. 10, and has two coils 29a, 29b are 
formed on each magnetic pole tooth 27. FIG. 12B shows a 
different series of coils in the same shape as that of FIG. 
12A, connected with different commutator segments. Two 
coils 29c and29d are formed on each magnetic pole tooth, 
and each or these coils are connected to form a series of 
coils. FIG. 12C shows how the coils of FIGS.12A and 12B 
are overlapped. 

[0058] FIGS. 13 A and 13B each show a coil connection structure 
of two further embodiment of this invention in which the 
commutator segments are connected to each other in a 
way to decrease the required number of brushes (no 
larger than four). 

[0059] FIG. ISA shows an example in which, using the same coil 
winding structure as the embodiment of FIG. 2, but where 
each of the commutator segments is connected to a sixth 
adjacent segment. FIG. 13B shows an example in which, 
using the same coil winding structure as the embodiment 
of FIG. 7, but where each of the commutator segments is 
connected to a sixth adjacent segment. Although six 
magnetic pole teeth and twelve segments are provided in 
both FIGS. 13A and B, this invention is not limited to that, 
and any connection structure oft magnetic pole teeth and 



2t segments is applicable if only segments are each con- 
nected to a t-th adjacent segment. In addition commuta- 
tor segments may be connected to each other in this way, 
in an arrangement of two, three or four brushes to elimi- 
nate phase shift and the withstood voltage can be in- 
creased. 

[0060] FIGS. 14A-14C illustrate successive conditions of the coil 
connection utilized in the embodiment of FIG. IBAand 
having only two brushes, when the brushes move right- 
ward in the figure by a half segment relative to the com- 
mutator segments as a result of rotation of the rotor. 

[0061] FIGS. 15A-15Cillustrate successive conditions of the coil 
connection utilized in the embodiment of FIG. IBAand 
having four brushes, when the brushes move rightward in 
the figure by a half segment relative to the commutator 
segments as a result of rotation of the rotor. 

[0062] Thus from the foregoing description of the several em- 
bodiments it should be apparent that the objects of the 
invention have been accomplished. For example, a series 
of coils are connected such that their directions of ener- 
gization are arranged alternately when energized both in 
the normal and reverse directions, so that phase shift can 
be prevented. Also in some embodiments, the interval be- 



tween the brushes is wide enough to contain two of the 
clearances between the commutator segments permitting 
the insulating property to be improved, as well as the 
voltage withstood without leakage. Also in some embodi- 
ments, coils are wound on each magnetic pole tooth in 
overlapping relation and the coils are connected to the 
same number of segments to form two series of coils 
whose energization directions are arranged to all the 
magnetic pole teeth. Therefore, efficiency of use of the 
segments is improved and stable high output can be ef- 
fected. Also, the segments are utilized uniformly and the 
sliding contact friction resistance to the brushes during 
rotation becomes approximately constant, so that deteri- 
oration of the brushes is suppressed and their life can be 
prolonged. Of course those skilled in the art will readily 
understand that the described embodiments are only ex- 
emplary of forms that the invention may take and that 
various changes and modifications may be made without 
departing from the spirit and scope of the invention, as 
defined by the appended claims. 



